We have recently shown that adult canine ventricular myocytes express three distinct gap junction channel proteins, connexin40 (Cx40), connexin43 (Cx43), and connexin45 (Cx45). These 
Immunofluorescence microscopy was performed on disaggregated canine ventricular myocytes that were prepared as previously described.8 Myocytes were fixed in 1% paraformaldehyde for 15 minutes and washed in PBS before being immunostained. Cells were preincubated with 3% normal goat serum in PBS and then incubated with primary antibodies for 1 hour at room temperature or overnight at 4°C. Double-label experiments were performed by coincubating myocytes with mouse monoclonal antibody (diluted 100-fold in PBS) and either affinity-purified anti-Cx4O antibodies (diluted 50-or 100-fold) or affinity-purified anti-Cx45 antibodies (diluted 100-fold). Normal (nonimmune) mouse serum diluted 100-fold and preimmune rabbit sera were used as negative controls. After washing, myocytes were coincubated with goat anti-mouse antibodies conjugated to Texas red (Fisher) and goat anti-rabbit IgG conjugated to fluorescein isothiocyanate (Boehringer Mannheim) (each diluted 200-fold) for 1 hour at room temperature. Double-labeled myocytes were examined by conventional fluorescence microscopy or with a laser scanning confocal microscope (model MRC 500, BioRad Laboratories, Richmond, Calif) with a filter set appropriate for double-label immunofluorescence. For confocal microscopy, an argon laser-emitting light with a wavelength of 514 nm was used to excite the fluorochromes. After several preliminary filtering steps, fluorescein emission spectra were recorded after passage through a band-pass filter of 540 nm, and Texas red emission spectra were recorded after passage through a long-pass filter of 600 nm. This series of filters prevented virtually any overlap of emission spectra recorded in separate photomultipliers for fluorescein and Texas red. The resulting fluorescence signals were recorded, processed, and displayed simultaneously on a computer monitor.
Double-Label Immunoelectron Microscopy
After incubating isolated myocytes with both mouse and rabbit primary antibodies as described above, cells were coincubated with gold-conjugated secondary antibodies, washed, embedded, and processed for electron microscopy as described.14 Secondary antibodies used were goat anti-mouse IgG conjugated to 10-nm gold particles (EY Laboratories) and goat anti-rabbit IgG conjugated to 20-nm gold particles (EY Laboratories). The size difference of the electron-dense gold particles permitted localization of each connexin at the ultrastructural level of resolution. In preliminary experiments to characterize the specificity of the commercial anti-Cx43 monoclonal antibody, the distribution of Cx43 was characterized with immunoelectron microscopy in disaggregated canine ventricular myocytes.
Results

Characterization of Monoclonal Anti-Cx43
Before being used in double-label immunocytochemical studies, the mouse monoclonal anti-Cx43 antibody was characterized with immunofluorescence and immunoelectron microscopy using disaggregated canine cardiac myocytes. Fig 1, A, demonstrates that this monoclonal antibody specifically stained isolated canine cardiac myocytes in a pattern consistent with the known distribution of gap junctions in intercalated disks. An identical pattern of staining has been observed using rabbit polyclonal antisera against Cx43.9,'0 To confirm that the mouse monoclonal antibody was bound to ultrastructurally recognizable gap junctions, we performed immunoelectron microscopy. Fig 1, B, shows gold-labeled anti-mouse IgG decorating a gap junction in a myocyte incubated with the mouse monoclonal anti-Cx43 antibody.
Verification ofAntibody Specificity
To test the specificity of the different anti-connexin reagents, we performed immunoprecipitation experiments using [3S]-labeled polypeptides that had been translated in vitro from cloned Cx40, Cx43, and Cx45 (Fig 2) . These studies confirmed that the polyclonal rabbit antibodies to Cx40, Cx43, and Cx45 would precipitate only the corresponding connexin sequence to which they were directed but did not react with the other two connexins.
To exclude cross-reactivity of the anti-Cx40 and anti-Cx45 antisera with the Cx43 expressed by cardiac myocytes, we performed control immunofluorescence experiments using these reagents in cultured Cx43-transfected RIN cells, which express only Cx43. The parent RIN cell line showed no detectable gap junction channels when screened by dye transfer or double whole-cell patch-clamp recordings; it showed no detectable connexin expression as assayed by Northern blotting with probes for the following connexins: Cx26, Cx31, Cx32, Cx37, Cx4O, Cx42, Cx43, Cx45, Cx46, and Cx56; and it showed no reactivity by immunofluorescence with the anti-Cx43 antibodies (data not shown). line with the cDNA for rat Cx43 and selected clones in G418. Cx43 expression was confirmed by Northern blots of total RNA prepared from the selected clones (data not shown). Immunofluorescence staining of the Cx43-transfected RIN cells with both polyclonal rabbit and commercial mouse monoclonal anti-Cx43 reagents showed bright punctate fluorescence at appositional points between adjacent cells in a pattern consistent with gap junctions (Fig 3, A and D) . In contrast, the polyclonal rabbit anti-Cx40 and anti-Cx45 antibodies showed no reactivity (Fig 3, B and C) .
Because the monoclonal anti-Cx43 used in these studies was an IgGI, it did not immunoprecipitate Cx43; thus, we could not demonstrate that the antibody would precipitate only Cx43 but not Cx40 or Cx45 as shown in Fig 2 for (Fig 3) . However, it seems highly unlikely that the monoclonal anti-Cx43 antibody would cross-react with either Cx40 (Fig 3) . Furthermore, identical patterns of immunostaining were observed in disaggregated canine ventricular myocytes incubated with the mouse monoclonal and rabbit polyclonal antibodies against Cx43. Thus, taken together, these observations support the assumption that the mouse monoclonal anti-Cx43 did not recognize canine Cx4O or Cx45.
Double-Label Immunofluorescence Microscopy
Conventional fluorescence microscopy of disaggregated myocytes stained simultaneously with mouse monoclonal antibody against Cx43 and rabbit polyclonal antisera against either Cx4O or Cx45 revealed similar patterns of staining by each pair of anti-connexin antibodies. Photographs created by double exposures demonstrated overlap of fluorescein and Texas red-stained structures and absence of single color staining (data not shown). To assess more definitively the spatial distribution of pairs of gap junction proteins, we analyzed double-labeled myocytes with laser scanning confocal microscopy. Fig 4 shows high-resolution confocal images of a representative myocyte stained with antibodies against Cx43 and Cx45. Both antibodies are distributed in virtually identical patterns. Similar results were obtained in confocal analysis of myocytes incubated with antibodies against Cx43 and Cx4O (Fig 5) . Double-label immunofluorescence with an irrelevant mouse monoclonal antibody and preimmune rabbit sera showed no specific staining.
Double-Label Electron Microscopy
To confirm that each pair of anti-connexin antibodies localized connexins in the same individual ultrastructurally identified gap junction, we performed double-label immunoelectron microscopy. Small (10-nm) gold particles conjugated to anti-mouse antibodies demonstrated the presence of Cx43, and large (20-nm) particles conjugated to the anti-rabbit antibodies identified either Cx4O or Cx45. Fig 6 shows 
